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(54) DIVERSITY DEVICE AND PORTABLE RADIO UNIT USING THE DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To keep a fixed gain despite 
the change of the peripheral condition such as a calling mode, 
etc., of a portable radio unit by reflecting the electric power 
fetched by a non-selection antenna at an open terminal of a 
switch means and radiating again a radio wave having the 

different phase from the direct wave to be sent to a selection W 
antenna into a space. A 3 _ 6 £ 

SOLUTION: A selection antenna 1 operates when a switch 5 ; ,--*>--- L.- ryW; 

is turned on, and the fetched electric power is supplied to a — T 

receiver 7 via a variable phase device 3 and the switch 5 and *r y m ' 
becomes effective. Meanwhile, the electric power fetched by a L 
non-selection antenna 2 is reflected at an open part of a switch I 
6 after passing through a variable phase device 4 since the 
switch 6 is turned off. The radio waves are consumed by the 
device 4 but radiated again from the antenna 2 and inputted 
again to the antenna 1 . The reflected radio waves have the the 
different phase from the direct wave that is sent to the antenna 
1 and accordingly the radiation pattern of the antenna 1 is 
equal to that of a double element array antenna. Thus, a 
radiation pattern having high gain is obtained via the control of the device 4. 
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5 (54) [Title of the Invention] Diversity Apparatus and 
Portable Radio Using the Apparatus 
(57) [Abstract] 

[Subject] Conventionally, there has been a problem that 
a diversity apparatus is equivalent to the operation 

10 of a selected antenna of one element , the selected antenna 
of one element is non-directional, and the gain of an 
antenna cannot be high in a specific direction, in the 
case where the gain of a selected antenna is improved 
by preventing an electric current from flowing into a 

15 non-selection antenna, and eliminating waste in electric 
current consumption. 
[Means for Solving the Problems] 

The present apparatus is provided with a phase 
varying unit connected to a plurality of antennas, for 

20 variably controlling phases of electric power 
transmitted from the antennas, a switch unit connected 
to the phase varying unit, for shortening the line 
corresponding to a selected antenna and for opening the 
line corresponding to a non-selection antenna, and a 

25 receiver connected to the switch unit. 
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[What is claimed is:] 

1 A diversity apparatus comprising: 

a plurality of antennas inputting radio waves; 

phase varying units each connected to each of the 
5 plurality of antennas at each one end thereof, for 
variably controlling phases of electric power 
transmitted from the antennas; 

switch units each connected to the other end of 
each of the phase varying units at every end thereof, 
10 for shortening a line corresponding to a selected antenna 
and for opening a line corresponding to a non-selection 
antenna; and 

a receiver connected to a node of the other end 
of each of the switch units. 

15 

2 The apparatus according to claim 1, 

wherein the phase varying unit and the switch unit are 
configured by a strip line and a switch. 

20 3 The apparatus according to claim 1, 

wherein the phase varying unit and the switch unit are 
configured by a lumped parameter element and a switch. 



25 



4 The apparatus according to claim 1, 

wherein the phase varying unit is configured by a 
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plurality of phase varying parts for variably controlling 
phases of electric power and a switch for switching the 
plurality of phase varying units, and the plurality of 
phase varying parts changes phases indifferent frequency 
5 bands . 

5. A diversity apparatus comprising: 

an antenna for inputting a radio wave; 

a receiver connected to the antenna; 
10 a passive resonant element being provided at a 

position where a correlation with the antenna is low, 
and for resonating with a carrier frequency; and 

a phase varying unit being connected between the 
resonant element and the receiver, for opening or 
15 shortening a line at one end thereof and changeably 
controlling- a phase of electric power transmitted from 
the resonant element. 

6. The apparatus according to claim 5, 

20 wherein the phase varying unit is configured by a strip 
line and a switch. 

7. The apparatus according to claim 5, 

wherein the phase varying unit is configured by a lumped 
25 parameter element and a switch. 
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8 . The diversity apparatus according to one of claims 
1 to 7, for only operating when an electric field is 
weak and a receipt level deteriorates. 

5 

9. A portable radio using the diversity apparatus 
according to one of claims 1 to 8 . 
[Detailed Explanation of the Invention] 
[0001] 

10 [Field of the Invention] 

The present invention relates to a diversity 
apparatus and a portable radio using this apparatus, 
for removing multi-path fading in radio communications. 
[0002] 

15 [Prior Art Technology] 

In radio communications, the rapid change in a - 
receipt level caused by multi-path fading deteriorates 
the quality of radio communications. Therefore, in the 
mobile communications such as a portable radio, etc., 

20 diversity receipt is sometimes performed to avoid 
multi-path fading. (Diversity is a method of decreasing 
propagation fluctuations by preparing a plurality of 
receipt branches while making use of a fact that 
propagation fluctuations are different in space or 

25 frequency, and synthesizing or switching the receipt 
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electric power at the branches.) There are many types 
of diversity receipt methods. One of them is antenna 
selection diversity using a plurality of antennas. 
According to this antenna selection diversity method, 
5 a diversity effect can be obtained by switching one 
antenna to (selecting) another antenna with high 
sensitivity between two (more than one) antennas. 
Therefore, it is sufficient to use only one receiver 
although the diversity gain is low compared with detected 
10 selection diversity, so that this method is widely used 
for a portable radio. 
[0003] 

In the case of selecting antenna selection 
diversity, a considerable number of electric currents 

15 flows into a non-selection antenna due to interconnection 
of the respective antennas, so that an electric power 
is supplied to the impedance of a feed line connected 
to a non-selection antenna. In the case of antenna 
selecting diversity, the receipt electric current of 

20 the non-selection antenna is connected to a matched 
terminal of a receiver side of the non-selection antenna 
as not used, and the electric current is wasted at the 
terminal. As a method of avoiding such useless electric 
current consumption, a conventional diversity apparatus 

25 disclosed in Japanese Laid-open Patent Publication 
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No. 7-221681 has been used. This diversity apparatus is 
configured in such a way that a line length of the 
non-selection antenna is set to 1/4, 1/2 of a carrier 
frequency, etc. in order that an electric current does 
5 not flow into a non-selection antenna or a non-selection 
antenna does not operate as an antenna. Thus, this 
diversity apparatus is configured not to flow an electric 
power into the non-selection antenna, thereby avoiding 
useless electric current consumption and improving the 
10 ( . gain of a selected antenna. 
[0004] 

Fig. 8 shows the configuration of a conventional 
diversity apparatus disclosed in Japanese Laid-open 
Patent Publication No. 7-221681. In this figure, 1 and 

15 2 indicate antennas which are separately installed on 
the body of a portable, radio, and a monopole having 1/4 
wavelength is used. 7 indicates a receiver of a portable 
radio, 21 and 22 indicate micro-strip lines of which 
electric lengths are equal to or more than 1/4 wavelength 

20 and each of which is connected to the end terminal of 
antenna 1 or 2 at one end thereof. These micro-strip 
lines 21 and 22 connect the antennas 1, 2 and the receiver 
7. 2*3 and 24 indicate FETs connected to the other ends 
of the micro-strip lines 21 and 22. 25 and 26 indicate 

25 FETs connected to the points which are on the micro-strip 
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lines 21 and 22, and are apart from the end terminals 
of the antennas 1 and 2 by 1/4 wavelength in terms of 
electricity length. When FETs 25 and 26 are on, the lines 
are shortened in the earth. 
5 [0005] 

The following is the explanation of the operations 
of the apparatus. The operations are explained 
exemplifying the case of selecting the antenna 1. In 
the case where the antenna 1 is selected, FETs 23 and 

10 26 are on while FETs 24 and 25 are off. Therefore, the 
micro-strip 22 is separated from the receiver 7. The 
micro-strip line 22 is shortened at a point apart from 
the end terminal of the antenna 2 by 1/4 wavelength, 
and a short stub is 1/4, so that the impedance becomes 

15 infinite. Therefore, an electric current hardly flows 
into an antenna terminal of the a-ntenna 2, and electric 
power consumed by a non-selection antenna (antenna 2) 
is reduced. On the other hand, since the antenna 1 and 
the receiver 7 are connected while the FET 23 is on, 

20 and the micro-strip line 21 is not shortened while the 
FET 25 is off, the impedance of the micro-strip line 
21 remains unchanged. Consequently, this condition is 
equivalent to a case in which the antenna 1 is connected 
to the receiver 7 by one micro-strip line, and the loss 

25 caused by the combination of the antennas 1 and 2 can 
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be prevented. 
[0006] 

[Means for Solving the Problems] 

Thus conventionally configured diversity 
5 apparatus is equivalent to a case in which the selected 
antenna (one antenna) of one element is operating. In 
this case, there is a problem that the selected antenna 
of one element is non-directional, and the gain of the 
antenna cannot be made high in a specific direction, 

10 and so on. Since a portable radio is used near a human 
body or it is carried in a bag, the environmental 
conditions easily change, which requires high gain in 
a specific direction (if high gain can be obtained in 
a specific direction, constant gain can be maintained 

15 by changing the directivity of a selected antenna even 
if the conditions around the portable radio change, so 
that the efficiency of a portable radio can be enhanced. ) 
[0007] 

The present invention is prepared to solve the 
20 above-mentioned problems. It aims at providing a 
diversity apparatus and a portable radio using this 
apparatus for maintaining constant gain by changing the 
directivity of a selected antenna even if the conditions 
surrounding the portable radio change during a call. 
25 [0008] 
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[Means for Solving the Problems] 

The diversity apparatus according to claim 1 is 
configured to include a plurality of antennas for 
inputting electric waves; phase varying units each 
5 connected to each of the plurality of antennas at one 
end thereof, for variably controlling phases of electric 
power transmitted from the antennas; switch units each 
connected to the other end of each of the phase varying 
units at. one end thereof, for shortening a line 
10 , corresponding to a selected antenna while opening a line 
corresponding to a non-selection antenna; and a receiver 
connected to a node of the other ends of the switch units . 
[0009] 

In the apparatus according to claim 2, a phase 
15 varying unit and a switch unit are configured by strip 
lines and switches. 
[0010] 

In the apparatus according to claim 3, a phase 
♦ » 

varying unit and a switch unit are configured by lumped 
20 parameter elements and switches. 
[0011] 

In the diversity apparatus according to claim 4, 
a phase varying unit is configured by a plurality of 
phase varying parts for variably controlling phases of 
25 electric power and a switch for switching the plurality 
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of phase varying parts, and the plurality of phase varying 
parts changes the phases of different frequency bands . 
[0012] 

The diversity apparatus according to claim 5 is 
5 configured to include an antenna for inputting an 
electric wave; a receiver connected to the antenna; a 
passive resonant element being provided at a position 
where a correlation with the antenna is low, and for 
resonating with a carrier frequency; and a phase varying 
10 unit being connected between the resonant element and 
the receiver, for opening or shortening a line at an 
end thereof, and for changeably controlling a phase of 
electric power transmitted from the resonant element. 
[0013] 

15 In the diversity apparatus according to claim 6, 

a phase varying unit is configured by strip lines and 
switches . 
[0014] 

In the diversity apparatus according to claim 7, 
20 a phase varying unit is configured by lumped parameter 
elements and switches. 
[0015] 

The diversity apparatus according to claim 8 only 
operates when the electric field is weak and the received 
25 level deteriorates. 
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[0016] 

Aportable radio related to the invention described 
in claim 9 is configured using a diversity apparatus 
of the present invention. 
5 [0017] 

[ Preferred Embodiments ] 

The following is the explanation of one of the 
embodiments of the present invention. 

Embodiment 1: Fig. 8 shows the configuration of a 

10 diversity apparatus according to a preferred embodiment 
1 of the present invention . In this figure, 1 and 2 indicate 
antennas which are separately installed on the body of 
a portable radio, 3 and 4 indicate phase varying devices 
(phase varying units) each of which is connected to each 

15 of the terminals of the antennas 1 and 2 at one end thereof 
and is connected to each of the switches 5 and 6 at the 
other end thereof. 5 and 6 are switches (switch units) 
installed between the other ends of the phase varying 
devices 3 and 4 and the receiver 7 , and these switches 

20 are configured by FET, diode SW, etc. 7 indicates the 
receiver of a portable radio. 8 and 9 indicate control 
lines for variably controlling phases of the phase 
varying devices 3 and 4. In Fig. 1, the same constituent 
elements as those shown in Fig. 8 are denoted by the 

25 same reference numerals. 



12 

[0018] 

The following is the explanation of the operations 
of the diversity apparatus. The operations are explained 
when the antenna 1 is selected in the diversity apparatus 
5 according to an antenna selection method. In this case, 
the antenna 1 is a selected antenna while the antenna 
2 is not selected. Under this condition, the antenna 
1 is connected to the receiver 7 via the phase varying 
device 3 and the switch 5 which turns on while the antenna 
10 2 is open ..(released) by the switch 6 which is connected 
to the phase varying device 4 to be turned off. 
[0019] 

When a portable radio receives a radio wave, the 
antenna - 1 functions as an antenna since the switch 5 

15 is on, and the electric power inputted by the antenna 
- 1 is inputted to the receiver 7 via the phase varying 
device 3 and the switch 5 to be effective. On the other 
hand, since the switch 6 is off, the electric power 
inputted by the antenna 2 passes through the phase varying 

20 device 4 to be reflected by an open portion of the switch 
6. This reflected wave (radio wave) is consumed by the 
phase varying device 4 , but the reflected wave is radiated 
again by the antenna 2 via the phase varying device 4 . 
The radio wave re-radiated by the antenna 2 is inputted 

25 to the antenna 1 again. The radio wave re-radiated by 
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the antenna 2 and a direct wave inputted to the antenna 
1 are different in phase, so that a radiation pattern 

(a graph showing directivity is called a radiation 
pattern) of the antenna 1 becomes the radiation pattern 
5 of a two-element array antenna. 

[0020] 

Here, when a phase of the phase varying device 4 
varies, the phase of a radio wave re-radiated by the 
antenna 2 varies, and accordingly the phase of a direct 
10 wave inputted, to the antenna 1 varies, so that the 
directivity of an antenna varies (a high-gain direction 
varies ) . 
[0021] 

In the case of using a TDMA (Time Division multiple 
15 access) method, etc., a RSSI (Received Signal Strength 
Indicator) is monitored at other than a 
transmission/receipt slot, and the phase varying device 
4 is feed-back-controlled by the control line 9. If the 
optimum value of a phase of the phase varying device 
20 4 is obtained and the thus-obtained value is set as a 
phase to be used when receipt data are inputted by an 
antenna (selected antenna), receipt data can be always 
inputted at the maximum gain. 
[0022] 

25 As mentioned above, the embodiment 1 is configured 
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in such a way that the electric power inputted to a 
non-selection antenna is reflected at an open end, and 
the electric power having a phase different from that 
of a direct wave inputted to a selected antenna is radiated 
5 again in a space . Therefore, there is a difference between 
the re-radiated electric power and the direct wave in 
phase, so that the electric power inputted to the selected 
antenna is like the radiation pattern of a two-element 
array antenna. The radiation pattern of a two-element 

10 array antenna can obtain high gain in a desired direction 
by adjusting a phase varying device on the non-selection 
antenna side. Accordingly, when a diversity apparatus 
according to the preferred embodiment 1 is used for a 
portable radio, constant gain can be maintained even 

15 if the conditions surrounding the portable radio vary, 
thereby enhancing the efficiency of a portable radio. 
[0023] 

Preferred embodiment 2 . 

Fig. 2 shows a configuration of a diversity 
20 apparatus according to the preferred embodiment 2. In 
. Fig. 2, the same constituent elements as those shown 
in Fig. 1 are denoted by the same reference numerals, 
and the overlapped explanation is omitted. 
In Fig. 2, 10 indicates a phase varying device provided 
25 on an antenna 1 configured by micro-strip lines (strip 
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lines) 10a, 10b and 10c, and switches 10A and 10B. 11 
indicates a phase varying device provided on an antenna 
2 which is configured by micro-strip lines (strip lines) 
11a, lib and 11c, and switches 11A and 11B. 
5 [0024] 

The following is the explanation of the operations 
of the present apparatus . Since the principle operations 
of the present diversity apparatus are the same as those 
of the preferred embodiment 1, the explanation of these 

10 operations are omitted., and only the operations for 
varying phases of the phase varying devices 10 and 11 
are explained. A phase of the phase varying device 10 
is varied by selecting the micro-strip line 10a, 10b 
and 10c using the switch 10A (similarly in the phase 

15 varying device 11) . That is, the micro-strip lines 10a, 
10b and 10c connected to the switch 10A are different 
in line length and shape, so that the phase of an electric 
power is varied by selecting the micro-strip line 10a, 
10b and 10c connected to the switch 10A. Further, the 

20 switch 10B of the phase varying device 10 corresponds 
to the switch 5 of the above-mentioned embodiment 1 
(similarly in the phase varying device 11) , and the line 
is connected or opened by selecting the switch 10B (the 
line is opened by selecting the micro-strip line 10a, 

25 10b or 10c to which the switch 10A is not connected) . 
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[0025] 

As mentioned above, according to the preferred 
embodiment 2, the phase varying devices 10 and 11 are 
configured by the micro-strip lines 10a, 10b and 10c, 
5 and the switches 10A and 10B. Although the degree of 
freedom of phase variability is slightly low, the 
configuration of each of the phase varying devices 
becomes simple, and accordingly the configuration of 
the diversity apparatus becomes also simple. 
10 [0026] 

Preferred embodiment 3. Fig. 3 shows the 
configuration of a diversity apparatus according to the 
preferred embodiment 3 of the present invention. In phase 
varying devices 12 and 13 shown in Fig . 3 , the micro-strip 

15 lines 10a, 10b and 10c (or micro-strip lines 11a, lib 
and 11c) shown in Fig. 2 are changed to lumped parameter 
elements 12a, 12b and 12c composed of lumped parameters 
L and C (or lumped parameter elements 13a, 13b and 13c) , 
for the simplification of the phase varying device 10 

20 (or the phase varying device 11) . Thus, the phase varying 
devices 12 and 13 are configured by the lumped parameter 
elements 12a, 12b, 12c, 13a, 13b and 13c, and switches 
12A, 12B, 13A and 13B, thereby further simplifying the 
configurations of the phase varying devices 12 and 13. 

25 [0027] 
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Preferred embodiment 4. Fig. 4 shows the 
configuration of a diversity apparatus according to the 
preferred embodiment 4. In Fig. 4, the same constituent 
elements as those shown in Fig. 1 are denoted by the 
5 same reference numerals, and the overlapped explanation 
is omitted. In Fig. 4, 14 indicates a broad-band phase 
varying device (phase varying unit) which is provided 
on an antenna 1 and is configured by phase varying devices 
(phase varying parts) 15 and 16 and switches 14A and 

10 14B, while 17 indicates a broad-band phase varying device 
(phase varying unit) which is provided on an antenna 
2 and is configured by phase varying devices (phase 
varying parts) 18 and 19 and switches 17A and 17B. The 
phase varying devices 15,16,18 and 19 correspond to the 

15 phase varying devices 3 and 4 shown in Fig. 1. In this 
apparatus, the broad-band phase varying devices 14 and 
17 are provided with a plurality of phase varying devices 
15 and 16, and 18 and 19, respectively so that the phase 
varying devices 15 and 16 or 18 and 19 can be selected 

20 according to the band of the use frequency (receipt 
frequency) of a portable radio . Consequently, a portable 
radio can use the broadband frequency of a portable radio . 
[0028] 

Preferred embodiment 5. In this preferred 
25 embodiment 5, the operation principle identical to that 
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of the preferred embodiment 1 is applied to a portable 
radio which selects an antenna selection diversity 
apparatus having one antenna and one receiver. Fig. 5 
shows the configuration of a diversity apparatus 
according to the preferred embodiment 5 of the present 
invention. In Fig. 5, the same constituent elements as 
those shown in Fig. 1 are denoted by the same reference 
numerals, and the overlapped explanation is omitted. 
In this figure, 20 indicates a passive resonant element 
(small antenna with good performance) .which is provided 
at a position where the correlation with an antenna 1 
is low and resonates with a carrier frequency. The 
resonant element 20 is connected to a phase varying device 
3. The leading end of a line for connecting the resonant 
element 20 and the phase varying device 3 is configured 
to be opened or shortened. 
[0029] 

The following is the explanation of the operations . 

» 

When a portable radio receives a radio wave, the electric 
power inputted by an antenna 1 is directly inputted to 
a receiver 7 to be effective. On the other hand, the 
electric power inputted by the resonant element 2 0 passes 
through the phase varying device 3 to be reflected by 
the open portion of a line. This reflected wave (radio 
wave) is consumed by a phase varying device 2, but the 
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wave is radiated again by the resonant element 20 via 
the phase varying device 3. The radio wave re-radiated 
by the resonant element 20 is re-inputted to the antenna 
1 similarly to the preferred embodiment 1. A radio wave 
5 re-radiated by the resonant element 20 and a direct wave 
inputted to the antenna 1 are different in phase, so 
that a radiation pattern (a graph showing directivity 
is called a radiation pattern) of the antenna 1 becomes 
the radiation pattern of a two-element array antenna. 
10 [0Q30] 

As mentioned above, according to the preferred 
embodiment 5, even a simple configuration having one 
antenna 1 and one receiver 7can create an effect identical 
to that of the preferred embodiment 1. 
15 [0031] 

Preferred Embodiment 6. Fig. 6 shows the 
configuration of a diversity apparatus according to the 
preferred embodiment. 6 of the present invention. In Fig. 
6, the same constituent elements as those shown in Figs. 

20 2 and 5 are denoted by the same reference numerals. In 
the preferred embodiment 6, a phase varying device 10 
is configured by micro-strip lines 10a, 10b and 10c and 
a switch 10A, and the present embodiment 6 creates an 
effect identical to that of the preferred embodiment 

25 5 . At the same time, the configuration of the phase varying 
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device 10 is simple, and accordingly the configuration 

of the diversity apparatus is also simple. 

[0032] 

Preferred embodiment 7. Fig. 7 shows the 
5 configuration of a diversity apparatus according to the 
preferred embodiment 7 of the present invention. In Fig. 
7, the same constituent elements as those shown in Figs. 
3 and 5 are denoted by the same reference numerals. In 
the preferred embodiment 7, a phase varying device 12 

10 is configured by lumped parameter elements 12a., 12b and 
12c, and a switch 12A, and it creates an effect identical 
to that of the preferred embodiment 5. Therefore, the 
configuration of the phase varying device 12 becomes 
much simpler. 

15 [0033] 

Preferred embodiment 8 . The diversity apparatuses 
mentioned in preferred embodiments 1 to 7 have weak 
effects in a strong electric field (since the sensitivity 
of an antenna of a portable radio is sufficiently high 

20 in a strong electric field, the diversity apparatus of 
the present invention is not required) . Therefore, if 
the apparatus is configured not to operate in a strong 
electric field but to operate only in a weak electric 
field or at the time when the receipt level deteriorates 

25 due to the approach of a human body during a call, the 
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consumption of electric power can be decreased. 
[0034] 

[Effects of the Invention] 

According to the invention described in claim 1, 
5 a diversity apparatus comprises a plurality of antennas 
for inputting radio waves; phase varying units each 
connected to each of the plurality of antennas at one 
end thereof, for variably controlling the phases of 
electric power transmitted from the antennas; switch 

10 units each connected to the other end of each of the 
phase varying units at one end thereof, for shortening 
a line corresponding to a selected antenna and for opening 
a line corresponding to a non-selection antenna; and 
a receiver connected to a node of the other ends of the 

15 switch units. As mentioned above , electric power inputted 
to the non-selection antenna is reflected at an open 
end of the switch unit, and electric power having a phase 
different from that of a direct wave inputted toaselected 
antenna is radiated again in a space. Thus, the electric 

20 wave inputted to the selected antenna is like the 
radiation pattern of a two-element array antenna because 
of the phase difference between the re-radiated electric 
power and the direct wave. Therefore, the radiation 
pattern of a two-element array antenna can obtain high 

25 gain in a desired direction by adjusting a phase varying 
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device on the non-selection antenna side. 
[0035] 

According to the invention described in claim 2, 
a phase varying unit and a switch unit are configured 
5 by strip lines and switches, so that the configuration 
of a phase varying unit is simple, and accordingly the 
configuration of a diversity apparatus is also simple. 
[0036] 

According to the invention described in claim 3, 
10 a phase varying unit and a switch unit are configured 
by lumped parameter elements and switches, so that the 
configuration of a phase varying unit is much simpler. 
[0037] 

According to the invention described in claim 4, 
15 a phase varying unit is configured by a plurality of 
phase varying parts for variably controlling phases of 
electric power and a switch for switching the plurality 
of phase varying parts , and the plurality of phase varying 
parts changes the phases in different frequency bands, 
20 so that a phase varying part can be selected for each 
band of the use frequency (receipt frequency) of a 
portable radio. Consequently, a portable radio can use 
a broadband frequency. 
[0038] 

25 According to the invention described in claim 5, 
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a diversity apparatus comprises an antenna for inputting 
an electric wave; a receiver connected with the antenna; 
a passive resonant element being provided at a position 
where a correlation with the antenna is low, and for 
5 resonating with a carrier frequency; and a phase varying 
unit being connected between the resonant element and 
the receiver, being configured in such a way that a line 
is open or shortened at one end thereof, and changeably 
controlling a phase of electric power transmitted from 
10 the resonant element . Therefore, although this apparatus 
is configured by one antenna and one receiver, it creates 
an effect similar to that of the apparatus described 
in claim 1 . 
[0039] 

15 According to the invention described in claim 6, 

a phase varying unit is configured by strip lines and 
switches, so that the configuration of the phase, varying 
unit is simple, and accordingly the configuration of 
a diversity apparatus is also simple. 

20 [0040] 

According to the invention described in claim 7, 
a phase varying unit is configured by lumped parameter 
elements and switches, so that the configuration of the 
phase varying unit is much simpler. 
25 [0041] 
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According to the invention described in claim 8, 
a diversity apparatus operates only when the electric 
field is weak and the receipt level deteriorates, so 
that the consumption of electric power of the diversity 
5 apparatus can be decreased. 
[0042] 

According to the invention described in claim 9, 
a portable radio is configured using a diversity 
apparatus of the present invention, so that constant 

10 gain can be maintained even if the conditions surrounding 
a portable radio change. Consequently, the efficiency 
of a portable radio can be enhanced. 
[Brief Explanation of the Drawing] 

Fig 1 is a configuration diagram showing a diversity 

15 apparatus according, to embodiment 1 of the present 
invention; 

Fig 2 is a configuration diagram showing a diversity 
apparatus according to embodiment 2 of the present 
invention; 

2 0 Fig 3 is a configuration diagram showing a diversity 

apparatus according to embodiment 3 of the present 
invention; 

Fig 4 is a configuration diagram showing a diversity 
apparatus according to embodiment 4 of the present 
25 invention; 
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Fig 5 is a configuration diagram showing a diversity 
apparatus according to embodiment 5 of the present 
invention; 

Fig 6 is a configuration diagram showing a diversity 
5 apparatus according to embodiment 6 of the present 
invention; 

Fig 7 is a configuration diagram showing a diversity 
apparatus according to embodiment 7 of the present 
invention; 
10 and 

Fig 8 is a configuration diagram showing a 
conventional diversity apparatus. 
[Explanation of Codes] 
1,2 Antenna 

15 3,4 Phase varying device (phase varying unit) 
5,6 Switch (switch unit) 
7 Receiver 

10A, 10B, 11A, 11B, 12A, 12B, 13A, 13B, 14A, 14B, 17A, 17B 
Switch 

20 10a, 10b, 10c, 11a, lib, 11c Micro-strip line (strip line) 
12a, 12b, 12c, 13a, 13b, 13c Lumped parameter element 
14,17 Broadband phase varying device (phase varying 
unit) 

15,16,18,19 Phase varying device (phase varying part) 
25 20 Resonant element 
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5 [Fig. 1] 

1,2 Antenna 

3,4 Phase varying device (phase varying unit) 
5,6 Switch (switch unit) 
7 Receiver 

10 

[Fig. 2] 

7 Receiver 

10A, 10B, 11A, 11B Switch 

10a, 10b, 10c, 11a, lib, 11c Micro-strip line (strip line) 

15 

[Fig. 3] 

7 Receiver 

12A, 12B, 13A, 13B Switch 

12a, 12b, 12c, 13a, 13b, 13c Lumped parameter element 

20 

[Fig. 4] 

7 Receiver 

14,17 Broadband phase varying device (phase varying 
unit) 

25 15,16,18,19 Phase varying device (phase varying part) 



14A, 14B, 17A, 17B Switch 



[Fig. 5] 

7 Receiver 

20 Resonant element 
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7 Receiver 

[Fig. 7] 

7 Receiver 
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7 Receiver 



